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The clinical syndrome of recurrent macroscopic
hematuria, unassociated with hypertension, edema or
anatomical urinary tract abnormalities, is relatively
common in children and young adults. Baehr [1] in
1926 described 14 young adults with a "benign and
curable form of hemorrhagic nephritis", who appeared
to be examples of this syndrome. The syndrome is
characterized by recurrent episodes of hematuria
which often begin at the height of an upper respiratory
infection; one of the most striking clinical features of
these patients. Typically, dark urine, red blood cell
casts and hematuria appear the day of, or within two
to three days of, the onset of the infection. Macro-
scopic hematuria rarely lasts longer than two to five
days and is often accompanied by transient low grade
(<1.0 g/24 hr) proteinuria. Microscopic hematuria
without proteinuria usually persists between the attacks
of macroscopic hematuria. Renal function is usually
normal during the attacks, although an occasional
patient has been described who has exhibited a transi-
ent reduction of renal function during the episode of
gross hematuria. In addition to respiratory infection,
a clear relationship between the onset of hematuria and
strenuous exercise has been emphasized by several re-
ports [2—3]. In spite of multiple attacks of hematuria,
renal failure has been rarely observed in the reported
series followed three to five years; hence, the terms
"benign" and "asymptomatic" have often been ap-
plied to these patients.
Because of the association of the presenting sign,
hematuria, with upper respiratory infection, numerous
reports have foused upon the bacterial flora of the
upper respiratory tract in these patients during the
attacks. Although throat cultures and/or serologic
evidence for recent infection with beta-hemolytic
streptococci have been found in 30 to 40% of hospi-
talized children in some studies [3], this incidence of
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presumed streptococcal infection closely approximates
the average experience in hospitalized children, and no
clear evidence of a regular relationship between strep-
tococcal or other infectious agent(s) has been docu-
mented. It seems likely that the syndrome is the result
of a variety of etiologic factors operating through a
common pathogenetic mechanism [4].
An additional important characteristic of patients
with recurrent hematuria is the rather consistently nor-
mal value of serum complement [4—6]. Since comple-
ment concentrations are low in the majority of
patients with acute poststreptococcal glomerulo-
nephritis, normal sequential complement concentra-
tions are of great value in reducing the likelihood of
that diagnosis, especially in the patient with a positive
throat culture for beta-hemolytic streptococci and the
recurrent hématuria syndrome.
Several reports describe an incidence of recurrent
macroscopic hematuria in other family members and
relatives of patients with this syndrome [3, 7, 8]. Al-
though familial nephritis, such as Alport's syndrome,
is usually recognizable by virtue of a history of overt
nephritic manifestations and/or deafness in relatives,
this important differential diagnostic problem must
always be considered in patients with symptomless
hematuria.
Pathology—Immunopathology
Application of the percutaneous renal biopsy tech-
nique, the study of tissue specimens by the fluorescent
antibody method, improved understanding of kidney
morphology and experimental pathology and the de-
velopments in clinical immunology of the past ten
years have provided considerable insight into the prob-
able mechanisms involved in the pathogenesis of this
well-known syndrome. Ross [9] in 1960 described focal
proliferative glomerular lesions in renal biopsy speci-
mens from five patients with recurrent macroscopic
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hematuria. He regarded these patients as conforming
to the clinical diagnosis of "focal nephritis", as
originally used by Volhard and Fahr in 1914 [10] to
describe patients with attacks of hematuria at the
height of respiratory infections. Unfortunately, there
has been too great a tendency to regard focal nephritis
as a clinical diagnosis, whereas it is simply a pathologic
description. Although tissue from many patients with
recurrent hematuria will demonstrate focal prolifer-
ative lesions, a variety of glomerular pathology has
been described in this syndrome. The most common
lesion involves only a portion of the glomerulus in
one or more rather discrete centrolobular areas, and
consists of increased numbers of mesangial cells and
increased mesangial matrix (Fig. 1). The glomerular
population is often variably involved, some glomeruli
within the same microscopic field being normal, or
showing only an increase of mesangial matrix without
proliferation. Other patients with an identical clinical
syndrome will have normal glomeruli or a minimal in-
crease in mesangial matrix without proliferation. A
minority of patients have diffuse proliferative glomer-
ulonephritis with focal crescent formation and a few
patients appear to develop focal sclerotic lesions
(Fig. 2). For example, in a recent account of 36 child-
ren with recurrent macroscopic hematuria, Levy et al
[6] found minimal lesions in 12, focal glomerulone-
phritis in 17 and diffuse proliferative glomerulone-
phritis with focal crescents in 7. Roy et al [4] observed
that the appearance of focal glomerular sclerosis and
proteinuria in excess of 1 g/day were associated with
progressive renal failure in five of 16 children observed
over 3 to 16 yr. Levy et a! [6] present evidence that
Fig. 1. Typical minimal changes of mesangial cell proliferation and
matrix increase in scattered lobules of a glomerulus from a patient
with recurrent heniaturia (he,natoxylin-eosin, x 612).
and recurrent hematuria have more severe proteinuria
(>1 g/day in four of seven) and may also have a
higher risk of progressive renal failure than the other
groups. It is clear that a small percentage of patients
have slowly progressive renal failure, and that the pro-
cess is not always benign. The prognostic and thera-
peutic significance of proteinuria, other clinical find-
ings or the pathologic lesions found in a given patient
are difficult to assess, since few long-term observations
are available.
Although this paper has focused upon the syndrome
of recurrent macroscopic hematuria as a distinct clini-
cal entity, many patients with only chronic micro-
scopic hematuria and minimal proteinuria have very
similar morphologic renal lesions. Several of the cited
references describe collectively patients with both forms
of prolonged hematuria [2, 7, 9] and it is implied that
asymptomatic microscopic hematuria may represent a
"mild" form of the syndrome. The literature suggests
that a higher percentage of children (75%) have gross
hematuria than is reported in adults (25%).
Electron microscopy of the focal glomerular lesions
usually demonstrates an increase in mesangial cells
and matrix in the centrolobular regions, associated
with granular electron-dense "deposits" (Fig. 3). The
deposits are usually more dense and more granular and
thus distinct from either basement membrane (GBM)
or mesangial matrix. They occupy the area between the
GBM and the mesangial cytoplasm and the expanded
spaces between mesangial cells. The quantity of de-
posit material varies widely from region to region with-
in a glomerulus and among glomeruli in patients with
Fig. 2. An area of glomerular focal sclerosis (hematoxylin-eosin,
x 582). This lesion may have prognostic significance when
accompanied by proteinuria.
children with diffuse proliferative glomerulonephritis ,_-—
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Fig. 3. Electron micrograph of a portion of a glomerular lobule in a patient with recurrent hematuria (x 7800). The principal abnormality
consists of an increase in the mesangial matrix (m) associated with an increased density (d) of the matrix near the mesangial nucleus
(M). E=endothelium.
focal glomerulonephritis by light microscopy. This ob-
servation suggests that the deposit material contributes
in a major way to the expansion of the mesangial
volume in some patients, whereas in others, the expan-
sion is more related to an increase in mesangial matrix
and cellularity.
Although most authors have commented on the
absence of subepithelial deposits (humps) in patients
with recurrent hematuria [6, 7, 11], Singer et a! [8]
have described six patients with glomerular subepi-
thelial desposits on electron microscopy. They specu-
late that these patients, who were not otherwise
different from a larger population without these lesion,
may have resolving acute glomerulonephritis. Unfor-
tunately, the data which might help to distinguish
these entities, such as streptococcal serologic deter-
minations, serum complement concentrations and
fluorescence microscopy were not obtained.
Perhaps the most intriguing and consistent abnor-
mality in the recurrent hematuria syndrome is provided
by fluorescence microscopy. Bodian et al [12] studied
14 patients with fluorescein-labelled antisera to human
gamma-globulin and remarked on the contrast be-
tween the generalized mesangial distribution of the
antibody in the tissue of the six patients who were posi-
tive, and the focal glomerular abnormalities observed
by light microscopy. Berger [13] described generalized
mesangial deposits of IgA, IgG and /31C globulin in
biopsy specimens from 55 patients (children and
adults), all of whom had hematuria as the major
clinical manifestation which lead to investigation.
Twenty-two patients also had one or more episodes of
gross hematuria, usually occurring with a sore throat.
He commented upon the striking uniformity of the
glomerular deposits of IgA—IgG, which were intense
even in those glomeruli which were normal by light
microscopy. These observations have now been con-
firmed in many laboratories [4, 6, 7, 11, 14], and be-
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Fig. 4. Fluorescence microscopy demonstrating the typical mesan-
gialpattern of localization of labelled antibody to IgA in a gb-
merulus in recurrent hematuria (x 764).
cause of the impressive concentrations of IgA found,
have raised important questions regarding the possible
role of IgA in the pathogenesis of this rather common
syndrome.
Following Berger's [131 description of diffuse mes-
angial IgA—IgG deposits, and their retrospective
association with recurrent hematuria in about 500/s of
his patients, several clinical—pathological reports have
suggested that this immunofluorescent pattern is
rather diagnostic of that clinical syndrome. The typical
findings consist of fixation of antibody to human IgA,
IgG and 31C globulins in a characteristic granular and
short segment-linear, mesangial pattern (Fig. 4).
Rarely, IgA is found alone, unassociated with IgG or
131C or both [11]. Properdin, a component of the alter-
nate pathway of complement activation [15], has
recently been shown to be present in glomeruli of more
than 5O% of patients [4, 14—l6].
Mesangial deposits of IgA—IgG are not unique to
the syndrome of recurrent hematuria, since a similar
pattern of fluorescence is frequently observed in a ana-
phylactoid purpura (Henoch—Schönlein's syndrome)
[13, 16, 17] and an occasional patient with systemic
lupus erythematosus [13]. However, the regular distri-
bution of IgA—IgG deposits in most patients with
recurrent hematuria, and in all glomeruli whether nor-
mal or abnormal by light microscopy (Fig. 5), suggests
that lgA—IgG proteins may be meaningful participants
in the pathogenesis of the syndrome. This hypothesis
is supported by Berger's observation of recurrence of
similar deposits in a biopsy specimen from a kidney
transplanted into a patient with this disease [13].
The critical unanswered questions relate to the me-
chanism of the injury and the specific role of IgA in the
pathogenesis of the disease. Although IgA is recognized
as a principal effector of local immunity in external
secretions, [18], there is no evidence of the participa-
tion of intact secretory IgA in the renal injury, since
secretory-piece IgA has not been demonstrated within
the deposits [11]. Although the normal serum immuno-
globulin concentrations, normal serum electrophoretic
patterns and absence of cryoprecipitates reported in
the patients ofLowanceetal [11] argue against the con-
cept of a paraproteinemia or perversion of the IgA
system, Lagrue et a! [19] and Berger [20] have de-
Fig. 5. A. Photomicrograph of a silver methenamine-stained O,5- section of a glomerulus illustrating the minimal but definite increase in
silver-positive mesangial matrix in several lobules ( x 651). B. Adjacent gbomerulus from the same kidney biopsy specimen demonstrating the
diffuse mesangial distribution of,iC globulin by the peroxidase-labelled antibody technique (x 595). All glomeruli in the specimen showed
a simi1ar pattern of staining for IgA, IgG and f1C, although the pathologic changes by light microscopy were minimal.
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scribed significant elevations of serum IgA concentra-
tions in patients with this disease. Further studies of
this controversial area may confirm the concept pro-
posed by the latter authors, that the glomerular injury
results from deposition within the mesangium of com-
plexes of abnormal IgA.
Focal nephritis—A mesangial response
Glomerular abnormalities such as those commonly
found in patients with recurrent hematuria have been
termed focal glomerulonephritis. Renewed interest in
this common pathologic lesion dates from the de-
scription of Heptinstall and Joekes [21, 22], who ob-
served these changes in renal biopsy specimens from
patients with certain systemic diseases (systemic lupus
erythematosus, bacterial endocarditis, polyarteritis
and Schönlein—Henoch syndrome), hereditary nephri-
tis (Alport's syndrome), and in certain patients with
nephrotic syndrome and recurrent hematuria. There is
now considerable evidence to suggest that focal gb-
merulonephritis respresents the response of the mesan-
gial cell system to a variety of stimuli (see [23] for re-
view).
The mesangium normally consists of two to three
cells which occupy the central region of each gb-
merubar lobule (Fig. 6). The cells are intercapillary,
Fig. 6. Artist's schematic drawing of a
glomerular lobule with three capillary
loops. The central loop illustrates a com-
mon response of mesangial cells; pseu-
dopod formation, with one process(p-i) projecting into the capillary
lumen, between segments of the endo-
thelial cells (E) which show microvillus
formation. The loop to the left portrays a
pseudopod (p-2) projecting between
the endotheliuni and the glomerular base-
ment membrane (GBM). The dark lines
within the mesangium represent matrix
channels within which deposits are often
found in disease (see text).
bounded on their outer aspect by basement membrane
and separated from the capillary lumen by an attenu-
ated endothelium. The mesangial cells have numerous
cytoplasmic processes and are separated from one an-
other by narrow bands of fibrillar and amorphous,
dense, basement membrane-like matrix material.
Studies of kidney biopsy specimens from normal kid-
ney donors frequently reveal variations in mesangial
cell morphology which are also indicated schematically
in Fig. 6. Processes of mesangial cytoplasm may be
seen projecting through the endothelium into the
capillary lumen, often forming blebs of considerable
size. Mesangial processes may also extend between the
endothelium and the basement membrane of the capil-
lary loop for short distances. Variable numbers of
masses of varying size and density may be found
within broadened regions of the mesangial matrix.
It is probable that these morphologic changes rep-
resent normal responses of the mesangial cells to
changes in the capillary blood and their immediate
environment.
It is certain that tracer substances injected into the
blood stream gain access to the mesangial zone [23].
The pathway of entry of colloidal particles into the
mesangium was revealed clearly by examination of rat
gbomeruli a few minutes after injection of colloidal
carbon into the circulation (unpublished data). Carbon
Epithelial cell
Mesangial cell
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particles entered the spaces containing the matrix,
between mesangial cells (Fig. 7), demonstrating the
potential channels as originally proposed by Latta,
Mausbach and Madden [24]. Subsequently, carbon
particles (and presumably other macromolecules) were
found within phagocytic vacuoles of mesangial cells.
The significance of the mesangial cell system, glomer-
ulonephritis and immune mechanisms has been em-
phasized by several recent studies. Mauer et al [25, 26]
have examined the kinetics of the phagocytic function
of mesangial cells in experimental kidney disease in
laboratory animals. These authors have shown that in-
jected macromolecules, such as heat-aggregated IgG,
were readily taken up by the mesangium of normal
rats and that greatly increased quantities entered the
mesangium in experimental nephrotic syndrome and
nephrotoxic serum nephritis. The evidence suggested
that glomerular injury associated with proteinuria was
also associated with increased mesangial permeability.
Germuth and Rodriguez [27] have demonstrated a
consistent relationship between the size of the immune
complexes formed in chronic "serum sickness" nephri-
tis in rabbits and the pattern of localization of the
complexes and the immune renal injury. Rabbits which
responded to repeated injections of bovine serum al-
bumin (BSA) by formation of antigen-antibody (BSA)
complexes with a mol wt of one million or greater were
shown by fluorescence microscopy to localize such
complexes primarily within the glomerular mesangium.
Microscopy of glomeruli from such rabbits demon-
strated relatively minor histological changes consisting
of proliferation and hypertrophy of the mesangial
matrix, without inflammatory exudate, and these rab-
bits did not have significant proteinuria. In contrast,
rabbits shown to have formed smaller immune com-
plexes (less than one million mol wt) developed diffuse
Fig. 7. Electron micrograph of a portion of a capillary loop from a rat which received an injection of colloidal carbon 15 mm earlier
(x 29,000). Carbon particles are seen within the lumen (C-l), within a channel containing mesangial matrix, between the endothe-
hum (F) and mesangial cell cytoplasm (M) (C-2) and within a cytophagosome of a mesangial cell (C-3). We propose that the particles
indicate the pathway of entry of large macromolecules into the mesangial cell system (see text).
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Mesangial inflammation—fixed antigen experiments
Fig. 8. Schematic diagram of the experiment of Mauer et a! [28]
(see text). D =donor, R = recipient.
proliferative glomerulonephritis, granular capillary
loop deposits of IgO and fl1C and heavy proteinuria.
An additional experimental model of renal injury in
rabbits, of special relevance to the recurrent hematuria
syndrome in man, has recently been described by
Mauer et al [28] (Fig. 8). In these experiments antigen
(aggregated human IgG [AHIgG] or serum albumin
[AHSA]) was injected i.v., and ten hours later, when
the aggregates were shown to be within the glomerular
mesangium, a kidney was removed and transplanted
into a normal rabbit. The recipient rabbit then re-
ceived i.v. rabbit antibody to either AHIgG or AHSA.
Within minutes of infusion of antibody, there was a fall
in serum complement, an infiltration of polymorpho-
nuclear cells into the kidney and swelling of glomer-
ular cells. Proliferation of mesangial cells and increase
in mesangial matrix occurred progressively over the
next three days, to result in rather typical focal glomer-
ulonephritis which progressed to focal sclerosis in
some animals by the eighth day. These experiments
clearly demonstrated that antigen present within the
mesangium was accessible to and reacted with circulat-
ing antibody and complement, with resulting severe
glomerular injury.
Further speculations regarding the pathogenosls of
focal nephritis—IgA-.IgG nepbropathy
If one accepts the hypothesis that the function of
mesangial cells in man is similar to that in laboratory
animals, a variety of possible explanations for the
pathogenesis of the focal glomerulonephritis in most
patients with recurrent hematuria is apparent. Theoret-
ically, any large circulating macromolecule, antigen or
other, might enter the glomerular mesangial cell sys-
tem and incite through various mediators a local in-
flammatory reaction. Excessive amounts of noninflam-
matory, nonantigenic materials could overload the de-
grading system of the mesangium (the efferent limb)
and accumulate as increased "matrix" material, with-
out apparent inflammation.
The presence of IgA-IgG within the mesangium of
most patients with recurrent hematuria lends support
to the possibility that these immunoglobulins and
complement are involved in the renal injury. IgA could
participate in an immune complex as either an anti-
body or antigen. An earlier reference was made to the
evidence provided by Lagrue et al [19] and Berger [20]
which suggested that an abnormal IgA in these patients
might aggregate and deposit in the mesangium, to serve
as an antigen, for an Arthus-like reaction [28]. How-
ever, Lowance et al [11] were unable to demonstrate
circulating antibody to IgA in their patients, including
one who was anephric. These authors commented that
IgA was not likely to exist as an antibody to IgG since
IgA alone was found within the mesangium of three
patients. In addition, they were unable to demonstrate
binding of IgO to the IgA fixed within the glomerulus
of the six patients tested. It is of interest that an eluate
of the IgA from the kidney of one patient reacted
weakly with the mesangium of normal human kidney.
This observation suggested the possibility that IgA was
reacting with either the mesangium or possibly an anti-
gen sequestered within the mesangium, an analogy to
the mesangial antigen model of Mauer et al [28].
Since many patients with recurrent hematuria have
an exacerbation with upper respiratory tract infections,
the concept of sequestered bacterial or viral antigens
(cell walls, platelet-viral aggregates, etc.) within the
mesangium is attractive. Perhaps the mesangium of the
effected host lacks the enzymatic system responsible
for degradation of the hypothetical antigen(s). In that
case, with each recurrent infection by the organism,
and with an appropriate anamnestic antibody response
(IgA or IgG), antibody could be expected to react with
the appropriate fixed mesangial antigen to incite an
inflammatory response.
At the present time there is too little evidence in
support of any of these hypotheses, but the technology
is available for exploration of each of these concepts.
It is hoped that this review will stimulate the search for
answers to these and other questions regarding this
common disorder.
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